Aims/Introduction: Painful diabetic peripheral neuropathy (PDPN) has a significant impact on the patient's quality of life. The prevalence of PDPN in the Middle East and North Africa region has been reported to be almost double that of populations in the UK. We sought to determine the prevalence of PDPN and its associated factors in type 2 diabetes mellitus patients attending secondary care in Qatar. Materials and Methods: This was a cross-sectional study of 1,095 participants with type 2 diabetes mellitus attending Qatar's two national diabetes centers. PDPN and impaired vibration perception on the pulp of the large toes were assessed using the Douleur Neuropathique en 4 questionnaire with a cut-off ≥4 and the neurothesiometer with a cut-off ≥15 V, respectively. Results: The prevalence of PDPN was 34.5% (95% confidence interval [CI] 31.7-37.3), but 80% of these patients had not previously been diagnosed or treated for this condition. Arabs had a higher prevalence of PDPN compared with South Asians (P < 0.05). PDPN was associated with impaired vibration perception adjusted odds ratio (AOR) 4.42 (95% CI 2.92-6.70), smoking AOR 2.43 (95% CI 1.43-4.15), obesity AOR 1.74 (95% CI 1.13-2.66), being female AOR 1.65 (95% CI: 1.03-2.64) and duration of diabetes AOR 1.08 (95% CI 1.05-1.11). Age, poor glycemic control, hypertension, physical activity and proteinuria showed no association with PDPN. Conclusions: PDPN occurs in one-third of type 2 diabetes mellitus patients attending secondary care in Qatar, but the majority have not been diagnosed. Arabs are at higher risk for PDPN. Impaired vibration perception, obesity and smoking are associated with PDPN in Qatar.
INTRODUCTION
Painful diabetic peripheral neuropathy (PDPN) has a significant impact on the patient's quality of life [1] [2] [3] , as it is accompanied by depression, anxiety and sleep disturbance 2 . Estimates of the prevalence of PDPN in patients with type 2 diabetes mellitus vary, and range from 17.9 to 65.3% 1, [4] [5] [6] . In a large populationbased study (n = 15,692) from the UK 4 , we previously showed that PDPN occurred in 21.5% of patients with type 2 diabetes mellitus, and was more common in South Asians. In the Middle East and North Africa region, Jambart et al. 5 reported a much higher prevalence of PDPN of 61.3% in Egypt, 57.5% in Jordan, 53.9% in Lebanon and 37.1% in the United Arab Emirates.
Despite having a serious impact on the patient's quality of life, PDPN is underdiagnosed and undertreated 7, 8 . Patients with painful symptoms are often unaware that the pain is related to diabetes, and do not report it to their clinician 8, 9 . Screening patients at high risk for PDPN should allow timely identification and treatment. Previous studies have shown that older age, a longer duration of diabetes, being female and the presence of diabetic peripheral neuropathy (DPN) increase the risk for PDPN 1, [4] [5] [6] 10, 11 . Additionally, obesity 1, 5, 7, 12 , low physical activity 13, 14 , smoking 4, 12 , poor glycemic control 15, 16 , low high-density lipoprotein (HDL) cholesterol 1 , raised low-density lipoprotein (LDL) cholesterol, triglycerides and creatinine 13 are also independent risk factors of PDPN.
The aim of the present study was to establish the prevalence of PDPN in patients with type 2 diabetes mellitus in secondary care in Qatar, and explore the association with ethnicity and risk factors for this condition. We undertook a large cross-sectional cohort study using the Douleur Neuropathique en 4 questionnaire (DN4), a validated, and highly sensitive and specific questionnaire for the diagnosis of PDPN 17 .
METHODS
This was a cross-sectional cohort study. Patients with diabetes aged ≥18 years were recruited from the two National Diabetes and Endocrine Centers in Doha, Qatar -Hamad General Hospital and Al-Wakra Hospital. Participating clinicians reported on all patients satisfying the inclusion criteria examined between March 2017 and March 2018. No refusals were recorded, as the procedure was quick, simple and potentially valuable to the patient's health. Participants with other causes of neuropathy including vitamin B 12 deficiency, hypothyroidism, HIV infection, leprosy, hepatitis C and chemotherapy were excluded from the study. We enrolled 1,163 individuals, and after excluding 66 patients with type 1 diabetes mellitus and two patients who did not complete the assessments, we were left with a sample size of 1,095.
This study was approved by the institutional review boards of Weill Cornell Medicine-Qatar and Hamad Medical Corporation, and all participants gave informed consent to take part in the study. The research adhered to the tenets of the declaration of Helsinki.
Demographic and metabolic measures
Age, sex, duration of diabetes, height, weight and body mass index were recorded. Ethnicity was categorized as Qatari Arabs, other Arabs, South Asians and other ethnic groups. The average of two readings of systolic blood pressure and diastolic blood pressure blood pressure taken from the participant's left arm while seated with his/her arm at heart level, using a standard zero mercury sphygmomanometer after 10-15 min of rest. A non-fasting blood sample of 10 mL was collected through venepuncture from each participant into vacutainer tubes containing ethylenediaminetetraacetic acid. The samples were kept at room temperature and transported within 2 h to a central certified laboratory at Hamad General Hospital, Hamad Medical Corporation, Doha, Qatar. Glycated hemoglobin (HbA1c), total cholesterol, HDL, LDL and triglycerides were measured by an autoanalyzer (Hitachi 747 autoanalyzer; Tokyo, Japan). Urinary albumin and creatinine levels were assessed on a random spot urine sample to evaluate the albumin-to-creatinine ratio. Patients with HbA1c ≥9% were considered to be poorly controlled. Hypertension was defined according to either an average systolic blood pressure ≥140 mmHg and/or the use of antihypertensive medication, as described in the World Health Organization/ International Society of Hypertension Guidelines 18 . Current cigarette smoking was defined as having smoked at least one cigarette every day for 30 days preceding the study visit. Physical activity was defined as doing physical activity including walking for ≥30 min in a day at least three times a week. Obesity was classified according to the World Health Organization criteria 19 , with a body mass index ≥30 kg/m 2 . Proteinuria was defined as an albumin-to-creatinine ratio >30 mg/g.
Painful diabetic peripheral neuropathy assessment
The DN4 questionnaire has been validated for PDPN 20 , and can distinguish between nociceptive and neuropathic pain 21 . It consists of 10 questions: seven questions relating to the pain description (burning, painful cold, electric shocks) and associated abnormal sensations (tingling, pins and needles, numbness, itching), and the other three questions relate to a neurological examination in the painful area (hypoesthesia to touch and prick using disposable examination pins, and allodynia to brushing). The scoring is based on a "yes" (1 point) or "no" (0 point) answer, and each question is equally weighted. A score ≥4 has a high sensitivity (80%) and specificity (92%) for PDPN 20 . The questionnaire was administered by the investigator spoken in either English or Arabic. Previously diagnosed PDPN was self-reported. Medications for painful neuropathy were recorded.
Impaired vibration perception assessment
Vibration perception threshold (VPT) was measured bilaterally on the pulp of the large toe using a neurothesiometer (Horwell; Scientific Laboratory Supplies, Wilford, UK). The strength of the vibration stimulus was gradually increased from null intensity to a value in voltage at which vibration was first detected by the participant. The test was repeated three times, and the average value was recorded. The range for VPT readings is 1-50 V. Impaired vibration perception was defined as a mean VPT ≥15 V 22, 23 .
Statistical analysis
Patients' demographic and clinical characteristics were summarized using means and standard deviations for numeric variables, and frequency distribution for categorical variables. Variables were compared between patients with and without PDPN using an unpaired t-test or Mann-Whitney test when the distribution was highly skewed for numeric variables, and the v 2 -test or Fisher's exact test when expected cell counts fell <5 for categorical variables.
Binary and multiple logistic regression analysis was carried out with age, duration of diabetes, diabetic neuropathy, sex, poor glycemic control, hypertension, obesity, physical activity, smoking, proteinuria and ethnic groups as independent variables, and PDPN as the dependent variable. The multiple logistic regression model included all variables with P-value of ≤0.10 at the bivariate level. Adjusted odds ratios and their corresponding 95% confidence intervals are presented. The demographic and clinical characteristics of the patients were compared between the different ethnic groups using the v 2 -test for categorical variables, such as hypertension and oneway ANOVA, for numeric variables, such as age. Multiple comparisons when required were carried out using the Bonferroni method.
All analyses were carried out using IBM SPSS (version 23; SPSS Inc., Armonk, NY, USA). A two-tailed P-value of ≤0.05 was considered significant.
RESULTS

Prevalence of PDPN
The cohort (n = 1,095) was aged 20-86 years (mean [SD], 54.3 [11.4] ), 60.6% were men. The clinical and demographic characteristics of type 2 diabetes mellitus patients with and without PDPN are compared in Table 1 . The prevalence of PDPN was 34.5% (95% confidence interval [CI] 31.7-37.3). Of the participants with PDPN, 80.2% had not been previously diagnosed with this condition and 86.0% had not been treated.
Factors associated with PDPN
Participants with PDPN had a higher mean age (P < 0.0001), duration of diabetes (P < 0.0001), HbA1c (P = 0.02), systolic blood pressure (P < 0.001), weight (P < 0.0001) and body mass index (P < 0.0001), compared with participants without PDPN. VPT was significantly higher (17.4 vs 9.8 V, P < 0.0001). Total cholesterol, triglycerides, HDL, LDL and diastolic blood pressure were comparable between the two groups. A higher percentage of participants with PDPN had impaired vibration perception (60.9 vs 23.2%, P < 0.0001), and a greater proportion were women (39.3 vs 31.3%, P < 0.01), had poorer glycemic control (39.6 vs 32.4%, P < 0.05), hypertension (39.0 vs 28.5%, P = 0.001), proteinuria (48.4 vs 32.9%, P < 0.01) and obesity (39.8 vs 26.7%, P < 0.0001), and a lower percentage of those undertook physical activity (25.5 vs 36.8%, P = 0.001).
Logistic regression analysis showed that five factors were independently and significantly associated with PDPN ( Table 2) : impaired vibration perception (adjusted odds ratio [AOR] 4.42, 95% CI 2.92-6.70), smoking (AOR 2.43, 95% CI 1.43-4.15), obesity (AOR 1.74, 95% CI 1.13-2.66), being female (AOR 1.65, 95% CI 1.03-2.64) and duration of diabetes (AOR 1.08, 95% CI 1.05-1.11). Age, poor glycemic control, hypertension, physical activity, proteinuria and ethnicity showed no association with PDPN.
Ethnicity and PDPN
The prevalence of PDPN differed between ethnic groups (Figure 1 ; Table 3 ). Qataris (45.3%) and other Arabs (35.7%) had a higher prevalence of PDPN compared with South Asians (25.8%). However, the prevalence of impaired vibration perception was comparable between ethnic groups. The prevalence of obesity was comparable between Qataris (66.8%) and other Arabs (70.9%), but significantly higher than in South Asians (34.2%). The percentage of Qataris (20.8%) and other Arabs (35.5%) who undertook physical activity was significantly lower than in South Asians (54.3%). The percentage of Qataris with proteinuria was significantly higher than in South Asians (9.4 vs 3.0%), and comparable with other Arabs and other ethnicities. Qataris were significantly older than other Arabs, South Asians and other ethnicities (58.2 vs 53.8 vs 51.8 and 52.5 years, respectively), and had a significantly longer duration 
DISCUSSION
This is the first large observational study to establish the prevalence of PDPN and its associated factors in secondary care in Qatar. PDPN occurs in approximately one-third of patients with type 2 diabetes mellitus; however, alarmingly, four-fifths had not been previously diagnosed or treated. PDPN, a manifestation of small fiber damage [24] [25] [26] , occurred in more than one-quarter of patients without impaired vibration perception, and in half of the patients with impaired vibration perception. Impaired vibration perception, obesity and smoking were associated with PDPN. Arabs also have a higher prevalence of PDPN compared with Asians. This might be attributed to the higher percentage of women and obesity, and a lower percentage undertaking physical activity in the Arab population. The prevalence of PDPN in type 2 diabetes mellitus patients in Qatar was lower than previous studies from the Middle East and North Africa region, even though they also used the DN4 pain questionnaire, and showed that the prevalence of PDPN was 65.3% in Saudi Arabia 6 , 61.3% in Egypt 5 , 57.5% in Jordan, 53.9% in Lebanon, and 37.1% in United Arab Emirates and Kuwait. This difference could be attributed to different populations and control of various risk factors, although age, duration of diabetes and the percentage of those with obesity were comparable to this study. However, the percentage of those with poor glycemic control in Saudi Arabia was higher compared with the current study (59.5 vs 39.6%) 27 . Poor glycemic control is common in the Middle East [27] [28] [29] [30] , and has been reported to be a significant risk factor for both DPN and PDPN 15, 16 . In the UK, the prevalence of PDPN in type 2 diabetes mellitus patients is lower (21.5-26.4%) than in Qatar 4,10 , and may be attributed to a lower HbA1c (7.26 vs 8.14%) and shorter duration of diabetes (4-8 vs 10.1 years). One of the earlier UK studies 10 was carried out in patients with type 1 diabetes mellitus and type 2 diabetes mellitus in primary care, and the prevalence of PDPN is known to be lower in primary care 12 and in type 1 diabetes mellitus patients 1, 4, 7 .
The physical quality of life of patients with PDPN decreases at a significantly faster rate over 3 years compared with type 2 diabetes mellitus patients without PDPN 3 . Patients with PDPN are also at high risk for depression, anxiety and sleep disturbance 2 . However, the underdiagnosis and treatment of PDPN continue to pose a considerable problem for patients. Other studies have also reported that a large proportion of patients with PDPN were not diagnosed, 61.5% in Germany 7 and 12.5% in the UK 8 . Major hurdles limiting the diagnosis of PDPN are that patients with painful symptoms do not attribute them to diabetes and fail to report them to their physician 8, 9 , and of course screening is not currently advocated for PDPN, only for those at high risk of foot ulceration 31 . Given that we have identified age, duration of diabetes and the presence of impaired vibration perception as major determinants for PDPN 1, 5, 6, 10 , one could advocate screening for PDPN in at least diabetes patients who are older, have a longer duration of diabetes and impaired vibration perception. Furthermore, we have identified that obesity is associated with PDPN, which has also been reported in some 1, 5, 7, 12 , but not other studies 6, 11 . Low physical activity has been reported as a risk factor 13, 14 , but in the present study, we showed no association after adjusting for other risk factors. Smoking has also been associated with PDPN in some 4, 12 , but not other studies 1, [4] [5] [6] 11 . Improved glycemic control reduces the development and progression of DPN in type 1 diabetes mellitus 32 , but has shown limited benefit in type 2 diabetes mellitus 33 . Low HDL cholesterol, and raised LDL cholesterol and triglycerides have been independently associated with PDPN 1 . Creatinine is associated with PDPN, whereas albuminuria 13 and proteinuria have no association. A previous study of individuals with prediabetes showed that lifestyle intervention reduced neuropathic symptoms, and improved small fiber function and structure 14 .
The prevalence of painful neuropathic symptoms 4 and PDPN 9 differs between ethnic groups. In our previous study in the UK 4 , we showed that South Asians were 50% more likely to have painful neuropathic symptoms compared with Europeans and Afro-Caribbeans, after adjusting for age and duration of diabetes. However, in the present study, South Asians had a lower prevalence of PDPN compared with Qatari Arabs and other Arabs, which might be attributed to a lower proportion with obesity, fewer women and higher physical activity in this group. Indeed, this and other studies 4, 5 have shown that women have a 50-65% increase in the odds for PDPN. The ethnic difference might also reflect genetic differences in the prevalence of abnormalities in voltage-gated channels on nociceptors in different ethnic groups 34, 35 .
We recognize that recruiting patients with diabetes from secondary healthcare centers and not primary care centers was a major limitation of the present study and limited the generalizability of the results to all people with diabetes in Qatar. However, those two hospitals are the only National Diabetes and Endocrine Centers in Qatar, and the recruited participants were of diverse backgrounds. The cross-sectional design of the present study also limited the interpretation of cause and effect in relation to risk factors. The strengths of the present study were the large sample size and the inclusion of a wide range of risk factors to identify those associated independently with PDPN. Furthermore, PDPN was diagnosed using the DN4 questionnaire, which has been validated in Arabic 21 , and used in other studies in the Middle East and North Africa region to establish the prevalence of PDPN 5,6 .
In conclusion, one-third of patients with type 2 diabetes mellitus attending secondary care in Qatar have PDPN. It remains a neglected complication of diabetes, as~80% of patients were not diagnosed or treated for this condition. Impaired vibration perception, obesity and smoking are associated with PDPN, suggesting that patients with these risk factors should be screened for PDPN, and treated for relief of symptoms and with lifestyle interventions to limit progression.
